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Abstract 
Background: Malaria and helminthiases frequently co‑infect the same individuals in endemic zones. Plasmodium fal-
ciparum and helminth infections have long been recognized as major contributors to anaemia in endemic countries. 
Several studies have explored the influence of helminth infections on the course of malaria in humans but how these 
parasites interact within co‑infected individuals remains controversial.
Methods: In a community‑based longitudinal study from March 2011 to February 2012, the clinical and malaria 
parasitaemia status of a cohort of 357 children aged 6 months to 10 years living in Mutengene, south‑western region 
of Cameroon, was monitored. Following the determination of baseline malaria/helminths status and haemoglobin 
levels, the incidence of malaria and anaemia status was determined in a 12 months longitudinal study by both active 
and passive case detection.
Results: Among all the children who completed the study, 32.5 % (116/357) of them had at least one malaria 
episode. The mean (±SEM) number of malaria attacks per year was 1.44 ± 0.062 (range: 1–4 episodes) with the 
highest incidence of episodes occuring during the rainy season months of March–October. Children <5 years old 
were exposed to more malaria attacks [OR = 2.34, 95 % CI (1.15–4.75), p = 0.019] and were also more susceptible to 
anaemia [OR = 2.24, 95 % CI (1.85–4.23), p = 0.013] compared to older children (5–10 years old). Likewise children 
with malaria episodes [OR = 4.45, 95 % CI (1.66–11.94), p = 0.003] as well as those with asymptomatic parasitae‑
mia [OR = 2.41, 95 % CI (1.58–3.69) p < 0.001] were susceptible to anaemia compared to their malaria parasitaemia 
negative counterparts. Considering children infected with Plasmodium alone as the reference, children infected with 
helminths alone were associated with protection from anaemia [OR = 0.357, 95 % CI (0.141–0.901), p = 0.029]. The 
mean haemoglobin level (g/dl) of participants co‑infected with Plasmodium and helminths was higher (p = 0.006) 
compared to participants infected with Plasmodium or helminths alone.
Conclusion: Children below 5 years of age were more susceptible to malaria and anaemia. The high prevalence of 
anaemia in this community was largely due to malaria parasitaemia. Malaria and helminths co‑infection was protec‑
tive against anaemia.
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Background
Malaria and helminthiases, two of the most prevalent 
infections affecting humans, overlap extensively in their 
epidemiological distributions and frequently co-infect 
in the same individuals [1–9]. Human intestinal helmin-
thiasis is most commonly caused by soil-transmitted hel-
minths (STHs), namely Ascaris lumbricoides, Trichuris 
trichiura, and the hookworms Necator americanus and 
Ancylostoma duodenale [3, 4, 8]. Although the levels of 
helminth infections are generally low in young children, 
resulting in few Plasmodium–helminth co-infections 
[10], school-aged children, rather than pre-school chil-
dren or adults, are at greatest risk of co-infections and its 
consequences [2, 3].
Various studies have explored the influence of hel-
minth infections on the course of malaria in humans 
but whether and how these two parasites interact within 
co-infected hosts remains controversial [1, 2, 4, 7, 11, 
12]. Co-infecting parasites may interact either positively 
or negatively in the receptive hosts [6, 10, 13] through a 
range of mechanisms including resource competition, 
immune-mediated interactions and direct interference 
[7, 8]. An earlier study performed in 1978 reported that 
anti-helminthic treatment of severe ascariasis in a high-
transmission area was followed by an increase in symp-
tomatic malaria suggesting a protective role of helminths 
against malaria. However, several studies have shown 
that infection with helminths increases susceptibility to 
malaria infection [1, 2, 9]. Recent studies have shown a 
positive association between hookworm infection and 
asymptomatic Plasmodium falciparum parasitaemia 
[8], while individuals with light Trichuris trichiura and 
Ascaris lumbricoides infections had lower Plasmodium 
densities than those with moderate or heavy infection 
[9]. Nevertheless, no association was found between STH 
infection and malaria in Uganda [2].
Although the aetiology of anaemia is complex, P. fal-
ciparum and helminth infections have long been rec-
ognized as major contributors to anaemia in endemic 
countries. Malarial anaemia is more typically associ-
ated with the acute clinical state, but there is evidence 
to suggest that asymptomatic malaria may contrib-
ute substantially to anaemia in endemic regions [10] 
through mechanisms such as haemolysis, increased 
spleen clearance of infected and uninfected red blood 
cells and cytokine induced dyserythropoesis. Intesti-
nal helminths may cause anaemia as a result of direct 
blood loss, nutritional theft and impairment of appetite 
due to immunological factors [6, 8, 10, 13]. There is evi-
dence that Ascaris lumbricoides-associated vitamin A 
deficiency may further increase the risk of anaemia in 
those co-infected with malaria [10]. Previous studies have 
shown that malaria–helminth co-infected individuals 
had significantly higher prevalence of anaemia and lower 
mean haemoglobin concentration compared to those 
infected with malaria only [3, 6, 12]. In the South West 
Region of Cameroon, school children infected exclusively 
with P. falciparum had higher levels of anaemia com-
pared with children with co-infections, helminth infec-
tion only or uninfected [11].
The association between malaria susceptibility and 
helminth infection seems to be influenced by the type of 
helminth infection, the intensity of infection and the age 
of the population studied [5]. So far all the studies con-
ducted on malaria–helminth co-infections in the South 
West Region are cross sectional. Longitudinal studies of 
malaria and helminth infections in well-defined cohorts 
will provide more valuable data on the epidemiology 
and/or control of these parasitic diseases. This study 
was, therefore, conducted to assess the effect of intesti-
nal helminths infection on the prevalence and/or inci-
dence of malaria and their combined impact on anaemia 




The study was carried out in Mutengene, a semi-urban 
community located in the Mt Cameroon region, Fako 
division of the South West Region of Cameroon between 
February 2011 and March 2012. The study commu-
nity comprised ten residential quarters spanning the 
entire Mutengene community. Volunteer study par-
ticipants were sampled either at the Mutengene Medi-
cal Integrated Health Centre or at temporary sampling 
sites within their respective quarters in the community. 
The community has a Medical Integrated Health Cen-
tre which is the only government owned institution that 
offers affordable health services to the community. This 
town is located at about 220  m above sea level and has 
a heterogeneous population of approximately 40,000 
inhabitants who originate mainly from neighbouring 
regions in search of its fertile farmland and business 
opportunities [14, 15]. The Mutengene health area has 
an equatorial climate that consists of a short dry season 
(late November to February) and a long rainy season 
(March–November) with maximum rainfall between 
June and August interspersed by early moderate (March–
May) and late moderate (September–November) rains 
[14]. It is characterized by mean temperatures of 28  °C, 
299.2 mm of rainfall and mean relative humidity of 87 % 
[16]. The Mount Cameroon region is hyperendemic for 
malaria [14, 17, 18], with the highest entomological inoc-
ulation rate (EIR) reaching an annual average of 1077.1 
infectious bites/person/year at Esuke Camp in Muten-
gene [19]. Malaria transmission is more intense during 
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the rainy season with peak transmission during the heavy 
rains. The main malaria vectors are Anopheles gambiae, 
Anopheles funestus and Anopheles hancocki. Plasmodium 
falciparum, the predominant malaria parasite species, 
accounts for up to 96 % of malaria infections in the study 
area [20].
Study population and sampling procedure
This study was a community-based longitudinal study of 
a cohort of children aged between 6 months and 10 years 
from randomly selected households in the community. 
After randomly selecting 10 (50 %) of the 20 quarters in 
the study community, households within the selected 
quarters also went through systematic random selection. 
Approval for this study was obtained from the Ministry 
of Health and from the National Ethics Committee. Fol-
lowing informed consent from parents/guardians, study 
participants were recruited from households resident in 
the community. The incidence of malaria was determined 
by both passive case detection through self-referral to 
the Mutengene Health Centre (or other health establish-
ments) and active case detection using a validated mor-
bidity monitoring questionnaire (biweekly home visits 
and sampling every 3  months). During the home visits 
febrile children were brought to the health centre for 
clinical examination and treatment. Finger prick blood 
samples were collected from all febrile/sick children at 
the health centre for haemoglobin measurement and 
malaria parasitaemia detection. Anthropometric meas-
urements and axillary temperature of participants were 
recorded every trimester from enrolment till 1 year and 
venous blood samples were collected at enrolment, at 
6  months and at 12  months, while finger prick samples 
were collected at 3 and 9 months for malaria parasitaemia 
detection and haemoglobin measurement. An episode of 
malaria was defined as fever with an axillary tempera-
ture >37.5 °C, the presence of malaria parasites in a thick 
blood film and one other sign/symptom of malaria (shak-
ing chills, headache, muscle ache, vomiting or fatique). 
Children presenting with acute malaria during the study 
period were given artemether–lumefantrine, a first-line 
ACT combination currently recommended for use in the 
treatment of uncomplicated malaria in Cameroon. Stool 
samples were also collected at enrolment and 6 months 
later for the detection of intestinal helminths. All partici-
pants had access to free consultation, malaria tests and 
treatment throughout the study period.
Haematological analysis
Full blood count was determined in venous blood using 
an automated haemoanalyser (Teco, USA). Anaemia was 
defined as a haemoglobin (Hb) level <11  g/dl and was 
further classified based on WHO guidelines as severe 
anaemia: Hb <7 g/dl, moderate anaemia: Hb 7–9.9 g/dl, 
mild anaemia: Hb 10–10.9 g/dl [21].
Malaria parasitaemia determination
Thick and thin blood films prepared from blood samples 
following standard procedures were stained with 10  % 
Giemsa (Sigma, St Louis, USA). Malaria parasitaemia sta-
tus, density and species were determined by light micros-
copy using an Olympus microscope (Olympus Optical 
Co., Ltd, Japan). Smears were reported as negative only 
after observing at least 100 high power fields. Using the 
white blood cell (WBC) count per μl of blood of each 
participant, the parasitaemia density/μl was estimated by 
counting the number of asexual parasites against a mini-
mum of 200 leukocytes and calculated using the follow-
ing formula:
Parasitaemia density (parasites/µl of blood)  =  (No of 
parasites × WBC count/µl)/(No of WBCs counted).
Intestinal helminths determination
Intestinal helminths were detected in stool samples using 
the formol-ether sedimentation concentration technique 
as described by Ash and Orihel [22]. Approximately 1 g of 
stool was washed using 10 % formol-ether solutions and 
the pellet stained with a drop of Lugol’s iodine. The ova 
or larvae of helminths were identified by light micros-
copy (Olympus Optical Co., Ltd, Japan) and the infection 
quantified as the mean egg per gram (epg) of stool.
Statistical analysis
Data was entered into Excel and analysed using SPSS Sta-
tistics version 20 for windows (SPSS Inc, Chicago USA). 
Malaria parasitaemia and helminth densities were log-
transformed before analysis. Differences in groups means 
were assessed using the one-way analyses of variance 
(ANOVA), while differences in proportions were assessed 
using Chi square. Associations between helminth infec-
tion, malaria–helminths co-infection and anaemia were 
assessed by binary logistic regression. The levels of corre-
lation between variables were determined by calculating 
Pearson’s correlation coefficient (r). A difference or corre-
lation giving a p value ≤0.05 was considered statistically 
significant.
Results
Baseline, 6 and 12 months characteristics of the study 
population
A total of 374 children aged 6 months to 10 years (mean 
age ± SEM: 4.39 ± 0.129 years) were enrolled from ten 
residential quarters of the Mutengene Health Area. At 
baseline 25.4, 18, 19.8 and 71.5  % of the participants 
were febrile, malaria parasitaemia (mp) positive, hel-
minths positive and anaemic (severe: 2.6  %, moderate: 
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51.9  % and mild: 45.5  %) respectively. Among mp posi-
tive cases, 25.4, 73.1 and 18 % were febrile, anaemic and 
positive for helminths respectively (Table 1). At baseline 
and at 12 months, malaria parasitaemia was more prev-
alent (68.7 % and 72.2 % respectively) in the 5–10 years 
old age group (p ≤ 0.031) while at 6 months the preva-
lence of malaria parasitaemia was similar (p  =  0.492) 
in both age groups. Malaria parasitaemia prevalence 
increased from 18  % at baseline to 19.3  % at 6  months 
and decreased to 12 % at 12 months. There was no dif-
ference in the proportion of febrile cases between mp 
positive and mp negative cases at baseline or at 6 months 
but at 12 months all febrile cases were mp positive. At 6 
and 12 months, a higher proportion of mp positive par-
ticipants were anaemic (p = 0.002 and p = 0.001, respec-
tively) compared to mp negative participants but no such 
difference (p = 0.733) was observed at baseline. Partici-
pants were categorized into three groups: those without 
detectable malaria parasitaemia by microscopy and no 
clinical manifestation of malaria (P−  M−), those who 
were asymptomatic but were positive for malaria parasi-
taemia (P+ M−) and those who were febrile and malaria 
parasitaemic plus at least one sign/symptom of malaria 
(P+  M+). Participants who were asymptomatic, but 
malaria parasitaemia positive (P+ M−) were significantly 
(p < 0.001) older compared to participants in the P+ M+ 
and P− M− groups. Similarly the haemoglobin levels of 
participants in the P− M− were significantly (p < 0.001) 
higher compared to those in the P+  M− and P+  M+ 
in decreasing order. The study also found a significantly 
(p =  0.012) higher parasitaemia density in the P+  M+ 
group compared to the P+ M− group (Table 1).
At baseline, 19.8  % of the participants were positive 
for intestinal helminths, which was significantly higher 
(p =  0.013) compared to the 10.2  % positive for intesti-
nal helminths at 6  months. The majority of intestinal 
helminths observed were the soil-transmitted helminths 
Ascaris, Trichuris and hookworm. Other intestinal para-
sites (OIP) such as tapeworm (T), Entameoba (Enta), 
Hymenolepis (Hym) and Enterobius (Ente) were also 
Table 1 Characteristics of malaria parasitaemia positive and negative children in a 1 year longitudinal cohort study
*Statistical significance determined by Chi square analysis
§ Statistical significance determined using the one‑way analysis of variance
a Differences at enrolment; bdifferences at 6 months; cdifferences at 12 months
P− M− mp negative and no clinical manifestation of malaria, P+ M− mp positive and no clinical manifestation of malaria, P+ M+ malaria cases (febrile, mp positive+ 
at least one sign of malaria)
Parameter Subclass Malaria parasitaemia Status  % (n) p value
Enrolment a 6 months b 12 monthsc
Pos Neg Pos Neg Pos Neg
Age group (years) <5 31.3 (21) 58.4 (178) 42.6 (23) 47.8 (108) 27.8 (10) 52.1 (138) 0.001a,*
0.492b
0.031c,*
5–10 68.7 (46) 41.6 (127) 57.4 (31) 52.2 (118) 72.2 (26) 47.9 (127)
% (n) 18 (67) 82 (305) 19.3 (54) 80.7(226) 12 (36) 88 (265)
Gender Male 47.8 (32) 53.6 (164) 53.7 (29) 50.4 (114) 52.8 (19) 52.5 (139) 0.360a
0.625b
0.971c
Female 52.2 (35) 46.4 (142) 46.3 (25) 49.6 (112) 47.2 (17) 47.5 (126)
n 67 306 54 226 36 265
Anaemia status Anaemic 73.1 (49) 71.1 (216) 79.2 (42) 55.7 (122) 69.4 (25) 40 (106) 0.733a
0.002b,*
0.001c,*
Non anaemic 26.9 (18) 28.9 (88) 20.8 (11) 44.3 (97) 30.6 (11) 60 (159)
n 67 304 53 219 36 265
Febrile Yes 25.4 (17) 20 (61) 16.7 (9) 8.4 (19) 8.3 (3) 0 (0) 0.328a
0.069b
0.001c,*
No 74.6 (50) 80 (244) 83.3 (45) 91.6 (207) 91.7 (33) 100 (265)
n 67 305 54 226 36 265
Helminth status Positive 18 (11) 20.2 (52) 3.7 (1) 11.8 (13) – – 0.698a
0.212bNegative 82 (50) 79.8 (205) 96.3 (26) 88.2 (97) – –
n 61 257 27 110 – –
P+ M+ (%) P+ M− (%) P− M− (%)
Classification of participants (Mean ± SEM)
 Age (years) 5.18 ± 0.38 (2.9) 5.55 ± 0.20 (12.8) 4.65 ± 0.08 (84.3) <0.001§
 Haemoglobin (g/dl) 9.08 ± 0.34 (3.0) 9.93 ± 0.13 (12.9) 10.62 ± 0.05 (84.1) <0.001§
 Mp density (/µl) 3.32 ± 0.16 (18.5) 2.91 ± 0.07 (81.5) – 0.012§
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detected in a few cases with some participants having 
multiple helminth infections. Among those infected with 
helminths at enrolment, 36.5 % were positive for Ascaris 
lumbricoides (Al), 34.9  % positive for Trichuris trichuria 
(Tt) 15.9 % positive for Hookworm (H), 6.3 % positive for 
Ascaris and Trichuris, 4.8 % positive for Ascaris and hook-
worm while 1.6 % were positive for Ascaris, Trichuris and 
hookworm. All helminth infections were light infections 
except for one moderate (according to WHO classifica-
tion) case of Ascaris infection recorded at 6 months.
Malaria morbidity during the 12 months longitudinal 
survey and relationship with baseline helminths status
Following the active and passive follow-up of participants 
for malaria, 32.5 % (116/357) of those who completed the 
longitudinal survey had at least one malaria episode and 
they constituted 71.2 % (116/163) of all those who visited 
a health establishment for consultation. The mean ± SEM 
number of malaria attacks per year was 1.44  ±  0.062 
(range: 1–4) with the highest incidence of malaria attacks 
occuring during the rainy season months of March–Octo-
ber (Fig. 1). The mean ± SEM age of participants who had 
at least one episode of malaria was 4.06  ±  0.18 (range: 
0.6–9 years) with 63.84 % (74/116) having only one attack 
while 36.2 % (42/116) had two or more attacks. The per-
centage of malaria parasitaemia positive cases increased 
from 18  % at enrolment (end of dry season) to 24.6  % 
at 3  months (rainy season) and decreased to 19.3  % at 
6 months (rainy season), 17.4 % at 9 months (dry season) 
and 12 % at 1 year (dry season; Fig. 1).
Children less than 5  years old were significantly 
[OR = 0.47, 95 % CI (0.28–0.79), p = 0.004] less suscep-
tible to having a malaria episode compared to children 
in the 5–10 years old age group in bivariate analysis after 
controlling for haemoglobin genotype. However, the 
study also showed that children <5  years old were sig-
nificantly [OR  =  2.34, 95  % CI (1.15–4.75), p  =  0.019] 
exposed to more malaria attacks compared to children 
in the 5–10 years old age group (Table 2). Participants in 
the <5 years age group had significantly (p = 0.009) more 
malaria attacks compared to those in the 5–10  years 
age group (data not shown, Additional file  1). There 
was no difference in susceptibility to a malaria episode 
[OR  =  1.39, 95  % CI (0.68–2.85), p  =  0.360] between 
participants who were positive and those who were nega-
tive for helminths at baseline in multivariate analysis 
controlling for age and haemoglobin genotype. When 
the association to the frequency of malaria episodes was 
investigated in multivariate analysis after controlling for 
age and haemoglobin genotype, it was found that chil-
dren positive for helminths had similar malaria episodes 
[OR =  0.49, 95  % CI (0.14–1.71), p =  0.266] compared 
to children who were negative for helminths at baseline 
(Table 2).
Anaemia in Cameroonian children living in Mutenegene
At enrolment 71.5  % of the participants were anae-
mic but decreased significantly (p  <  0.001) to 60.1  % at 
6 months and 43.5 % at 12 months (Fig. 2) and the pro-
portion of participants in the different anaemia catego-
ries also decreased significantly (p  <  0.001) across the 
three time points (Fig.  2). This was evident in a signifi-
cant (p  <  0.001) increase in haemoglobin levels [mean 
(g/dl)  ±  SEM] from 10.15  ±  0.06 at enrolment to 
10.45 ±  0.08 at 6 months and finally to 11.01 ±  0.07 at 
12 months (not shown). Haemoglobin levels (g/dl) of par-
ticipants in the P+ M+ category were significantly lower 
compared to participants in the P+ M− category whose 
Hb levels (g/dl) were in turn significantly lower com-
pared to participants in the P− M− category [p < 0.001 
(Table 1)].
We found that children <5  years old were more sus-
ceptible to anaemia [OR  =  2.24, 95  % CI (1.85–4.23), 
p =  0.013] compared to children in the 5–10  years age 
group after controlling for haemoglobin genotype, 
malaria parasitaemia status and helminths status in mul-
tivariate analysis (Table 3). Controlling for age and hae-
moglobin genotype, there was no difference (p = 0.092) 
in susceptibility to anaemia between children positive or 
negative for malaria parasitaemia. However, individu-
ally children with malaria episodes [OR = 4.45, 95 % CI 
(1.66–11.94), p  =  0.003] as well as those with asymp-
tomatic parasitaemia [OR  =  2.41, 95  % CI (1.58–3.69) 
p < 0.001] were associated with susceptibility to anaemia 
compared to children who were malaria parasitaemia 
negative. Meanwhile children positive for helminths at 
baseline were protected [OR = 0.47, 95 % CI (0.22–0.97), 









Malaria parasitaemia prevalence (%) % of Malaria episodes
Fig. 1 Malaria parasitaemia and malaria morbidity rates in a cohort 
of children over a 1 year period. Asymptomatic cases were only 
detected every 3 months while malaria episodes were detected 
throughout the year


















































































































































































































































































































































































Page 7 of 11Njua‑Yafi et al. Malar J  (2016) 15:69 
were negative for helminths. Co-infection with malaria 
parasites and helminths was however, not protective 
against anaemia controlling for age though the associa-
tion (p = 0.310). Based on the presence and/or absence 
of Plasmodium or helminths infection or both, partici-
pants were grouped as: Plasmodium–helminths (P–HL) 
co-infection (2.9  %), Plasmodium alone (P) (13  %) and 
helminths alone (HL) (13.2  %). Considering children 
infected with Plasmodium alone as the reference and 
controlling for age, children infected with helminths 
alone were significantly associated with protection from 
anaemia [OR = 0.357, 95 % CI (0.141–0.901), p = 0.029] 
while those who were co-infected with both parasites 
were not protected from anaemia though the obvi-
ous association [OR  =  0.291, 95  % CI (0.072–1.167), 
p = 0.081]. However, the mean ± SEM haemoglobin level 
(g/dl) of participants co-infected with Plasmodium and 
helminths (10.53  ±  0.62) was significantly (p  =  0.006) 
higher compared to participants infected with Plasmo-
dium (9.61  ±  0.19) or helminths (10.45  ±  0.17) alone 
(Fig. 3). In addition, a smaller proportion (2.6 %) of chil-
dren co-infected with Plasmodium and helminths were 
anaemic compared to a higher (p = 0.017) proportion of 
children infected with Plasmodium alone (17.2 %) or hel-
minths alone (13.7 %) at baseline (Additional file 2).
Malaria parasitaemia density/µl was found to corre-
late negatively with haemoglobin levels [(g/dl) r = −0.37; 
p  =  0.002], hookworm density [(eggs/g) r  =  −1.0; 
p < 0.001] and positively with Ascaris density (r = 0.67; 
p = 0.072), Trichuris density (r = 0.26; p = 0.742) and the 
density of other intestinal parasites (r = 0.95; p = 0.051) 
though correlation with the latter group was insignifi-
cant. Haemoglobin levels (g/dl) correlated positively 
with Ascaris density (r = 0.13; p = 0.488) and negatively 
with Trichuris density (r = −0.031; p = 0.876) as well as 
hookworm density (r = −0.18; p = 0.544) though insig-
nificantly. However, haemoglobin levels (g/dl) correlated 




























Fig. 2 Classification and distribution of anaemia at three time points 
during a 1 year longitudinal study of children living in Mutengene, 
Cameroon
Table 3 Relationship between malaria, helminths, co-infection with anaemia in the study children population
Italic values represent statistically significant associations assessed by binary logistic regression
P− M− mp negative and no clinical manifestation of malaria, P+ M− mp positive and no clinical manifestation of malaria, P+ M+ malaria cases (febrile, mp 
positive + at least one sign of malaria), P − HL Plasmodium–helminths co‑infection, P Plasmodium alone, HL helminths alone
Parameter Subclass % (n) Anaemia
Unadjusted p value OR 95 % CI Adjusted p value
Age group (years) <5 52.6 (199) <0.001 2.24 1.85–4.23 0.013
5–10 45.5 (172) REF
Helminths status Positive 16.7 (63) 0.021 0.47 0.22–0.97 0.041
Negative 67.5 (255) REF
Malaria parasitaemia status Positive 17.2 (65) 0.839 2.00 0.89–4.48 0.092
Negative 81 (306) REF
Manifestation P+ M+ 2.9 (29) 0.008 4.45 1.66–11.94 0.003
P+ M− 12.7 (128) 0.001 2.42 1.81–3.08 <0.001
P− M− 84.1 (844) REF
Haemoglobin genotype AA 51.9 (196) 0.911 0.78 0.35–1.73 0.541
AS 14 (53) REF
Co‑infection Status Yes 2.9 (11) 0.312 0.52 0.15–1.84 0.310
No 26.2 (99) REF
Co‑infection category P − HL 2.9 (11) 0.093 0.29 0.07–1.17 0.081
HL 13.2 (50) 0.037 0.36 0.14–0.90 0.029
P 13 (49) REF
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Discussion
There is published data on malaria and helminths co-
infection in the south west region of Cameroon [4, 11, 
23] but there is none assessing the impact of malaria and 
helminths co-infection on the incidence of malaria epi-
sodes. This longitudinal survey of a cohort of 357 Cam-
eroonian children living in Mutengene assessed their 
clinical, parasitological (Plasmodium and intestinal hel-
minths) and anaemia status and evaluated the relation-
ship between malaria parasitaemia, malaria episodes, 
anaemia and helminths status. The malaria parasitaemia 
prevalence observed in this study was lower compared 
to that reported by Nkuo-Akenji et  al. [11] and Achidi 
et al. [4] although these studies were conducted in differ-
ent towns of the South West Region of Cameroon. This 
can be explained by the scaling up of health education 
and the implementation of malaria control strategies in 
recent years especially the mass distribution of free insec-
ticide treated bed nets in the study area. Majority of the 
children who were malaria parasitaemic during the study 
were 5–10  years old but a greater proportion of those 
who had asymptomatic parasitaemia belonged to this age 
group compared to healthy malaria parasitaemia nega-
tive children and those who had episodes of malaria. The 
mean age of children who had at least one malaria epi-
sode was 4.06 years and children less than 5 years old had 
more attacks compared to those who were 5–10  years 
old. Though older children (5–10 years) were more sus-
ceptible to Plasmodium infection, children less than 
5 years old were exposed to more malaria episodes during 
the 1 year study period. This observation is in accordance 
with longstanding published reports that children below 
5  years old are more susceptible to malaria. Malaria 
parasitaemia was predominantly associated with clini-
cal manifestation as children who had malaria episodes 
had significantly higher malaria parasitaemia densities 
compared to those who were malaria parasitaemia posi-
tive without clinical symptoms. The highest incidence 
of malaria was observed in the month of March, which 
corresponds to the transition from the dry season to the 
rainy season (moderate rains), the incidence reduced 
slightly in the month of June (peak rainy season) and this 
coincided with the highest malaria prevalence recorded 
during the study period.
Although the aetiology of anaemia is complex and 
multi-factorial, parasitic diseases, including P. falciparum 
and helminth infections, have long been recognized as 
major contributors to anaemia in endemic countries. A 
very high prevalence of anaemia was recorded at baseline 
(71.5 %) in contrast to the lower prevalences of 30.8, 11.9 
and 10.9  % reported by Nkuo-Akenji et  al. [11], Achidi 
et  al. [4] and Alemu et  al. [13], respectively, but similar 
to the prevalence reported by Makoge et  al. [23]. Chil-
dren below the age of 5  years were more susceptible to 
anaemia in accordance with facts that this age group is 
most vulnerable to malaria and its consequences. Malar-
ial anaemia is more typically associated with the acute 
clinical state, but there is evidence to suggest that asymp-
tomatic parasitaemia may contribute substantially to 
anaemia in endemic regions [10]. A greater proportion of 
participants who were malaria parasitaemia positive were 
anaemic throughout the study although only a small pro-
portion of the children who were anaemic were actually 
malaria parasitaemia positive. This implies that despite 
the fact that malaria parasitaemia was an important 
cause of anaemia there were obviously other significant 
contributing factors. Nevertheless, malaria parasitaemia 
was the major contributor of anaemia as haemoglobin 
levels of children who experienced malaria episodes were 
lower compared to those with asymptomatic parasitae-
mia and those who were malaria parasitaemia negative. 
In addition, children with malaria episodes as well as 
those with asymptomatic parasitaemia were associated 
with susceptibility to anaemia compared to children who 
were malaria parasitaemia negative.
The baseline prevalence of intestinal helminths 
decreased from 19.8 to 10.2  % 6  months later probably 
due to the general deworming of all participants at enrol-
ment and emphasis on the need for regular deworming. 
However it is worth mentioning that single stool speci-
men examination was employed in this case thus the 
possibility of reduced sensitivity. The helminths detected 
were almost entirely composed of the soil transmitted 
helminths Ascaris lumbricoides, Trichuris trichuria and 
the hookworms. This prevalence was comparable to that 
observed by Achidi et  al. [4] but lower when compared 
to that reported by Nkuo-Akenji et  al. [11] and Alemu 
et al. [13]. Co-infecting parasites may interact either posi-



























Fig. 3 Mean haemoglobin levels (g/dl) by infection category
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a range of mechanisms including resource competition, 
immune-mediated interactions and direct interference [7, 
8]. Among the children positive for helminths at baseline, 
a greater proportion (58.7  %) were anaemic confirming 
previous reports that helminth infections are significant 
contributors to anaemia (Additional file 3). Human popu-
lations of helminths and malaria co-infection have shown 
contradictory results for the course of the malaria infec-
tion and disease possibly depending on the type of hel-
minth studied, the intensity of the helminth infection and 
the age of the study population [5]. A smaller proportion 
of children co-infected with Plasmodium and helminths 
were anaemic compared to a higher proportion of chil-
dren infected with Plasmodium alone or helminths alone 
and this agrees with what was observed by Nkuo-Akenji 
et al. [11], but is in contrast with reports by Degarege et al. 
[6]. Likewise haemoglobin levels of children who were co-
infected were higher compared to children infected with 
either Plasmodium or helminths alone. Co-infection with 
both parasites was protective against anaemia whereas 
children infected with Plasmodium alone were more sus-
ceptible to anaemia. This is probably because the outcome 
of Plasmodium–helminth interactions is beneficial to the 
host in that the individual negative effect of both infec-
tions on the host cancel out. The successful resolution of 
Plasmodium infection requires a coordinated succession 
from a T-helper cell type 1 (Th1) to a Th2 type response, 
and anything that upsets the timing or balance of this 
process can lead to chronic or severe infection [5]. Infec-
tion with helminths has a profound effect on the immune 
system resulting in polarization towards Th2, character-
ized by high levels of cytokines such as interleukin-4 (IL-
4), IL-5, IL-13 and high serum levels of immunoglobulin 
E [2]. The long-term survival of the helminths is thought 
to be facilitated by the induction of immuno-regulatory 
mechanisms that include the induction of regulatory T 
cells [2, 7] and modulation of cells of the innate immune 
system, such as macrophages and dendritic cells, which 
result in an anti-inflammatory environment, charac-
terized by increased levels of IL-10 and TGF-β [1] and 
possibly limiting pro-inflammatory mediated harmful 
consequences such as anaemia.
The negative correlation of malaria parasitaemia with 
haemoglobin levels and hookworm consolidates the fact 
that malaria parasitaemia was an important contributor 
of anemia while hookworms and Plasmodium seemed to 
interact negatively. Actually no co-infection was recorded 
involving hookworm infection in contrast to Naing et al. 
[8] who reported a positive association between hook-
worms and asymptomatic malaria. Though insignificant 
the observed positive correlation between malaria para-
sitaemia density and the densities of Ascaris, Trichuris 
and other intestinal parasites seem to imply that these 
two groups of parasites interact positively. However, 
the malaria parasitaemia densities of children positive 
for Trichuris was higher compared to children positive 
for Ascaris (data not shown, Additional file  4) in agree-
ment with reports by Mulu et al. [9] that Trichuris infec-
tion was associated with increased malaria parasitaemia. 
Ascaris infection did not appear to have any effect on 
haemoglobin levels while both Trichuris and hookworm 
infections seemed to have a negative effect and infection 
with the other intestinal parasites clearly had a negative 
effect on haemoglobin levels. In view of the variation in 
routes of entry to the host and the different clinical out-
comes, the interaction of these helminths with malaria 
parasites is expected to be different from one another [8].
No significant association of susceptibility to malaria 
during the study was observed between children positive 
or negative for helminths. Previous association of hel-
minth infection with an increased risk for malaria inci-
dence has been confirmed in two other studies. The first 
study reported a positive association between intestinal 
helminths and infection with P. falciparum in adults in 
Thailand, whereas the second study on mothers and chil-
dren in Zaire described a positive association between 
infection with Ascaris and the occurrence of P. falci-
parum as reviewed by Hartgers and Yazdanbakhsh, [1]. 
However, though children positive for helminths seemed 
to be exposed to the same number of malaria episodes as 
children who were negative for helminthes, results from 
a cohort of people on the Thai-Myanmar border have 
shown that helminth-infected patients had a twofold 
increase of falciparum malaria incidence (fever + malaria 
parasites on the blood smear) [12]. In a review, Nacher 
[24] reports increased gametocyte carriage in a human 
study and increased malaria transmission in an animal 
model of helminth-malaria co-infection. In the absence 
of disease, patients co-infected with worms and malaria 
may represent a hub of malaria transmission [24]. A 
recent meta-analysis of mouse co-infection studies sug-
gests that depending on the existing immune interaction 
between a given host and malaria parasites, addition of 
a helminth co-infection may have contrasting effects on 
malarial disease: co-infection increased mortality and 
peak parasitaemia in ordinarily resolving Plasmodium 
infections, but had a far less effect on lethal Plasmodium 
infections and even tended to delay death in cerebral 
malaria models [7].
Conclusion
Children less than 5  years old were more susceptible 
to malaria and anaemia. The prevalence of anaemia in 
this community was quite high and was largely due to 
malaria parasitaemia and to a smaller extent to helminth 
infection. In addition, nutritional factors probably also 
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contributed especially to the anaemia observed at base-
line. Malaria and helminths co-infection was rather 
beneficial to the children as this was associated with 
protection from anaemia. Studies assessing the effect 
of helminth infections on the course of malaria are very 
important in target malaria vaccine trial communities. 
Well-structured longitudinal studies investigating the 
underlying immune mechanisms involved in malaria 
helminths co-infection are very important in this regard. 
Our results also indicate that employing the proper inter-
vention in a combined malaria–helminth approach will 
yield timely results in endemic communities (Additional 
file 5).
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